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In the imagination of prominent architects and architectural 
theorists, the architectural detail figures as both a promising and 
perilous element of built form. As related by Marco Frascari (1984), 
the celebratory adage, “God is in the detail” is commonly (though 
misleadingly) attributed to the giant of modernist architecture, 
Ludwig Mies Van der Rohe (p. 23). Louis Kahn, in his poem dedi-
cated to the work of his friend Carlo Scarpa, notes, “The detail is 
the adoration of Nature” (McCarter, 2005, p. 303). Design icons 
like Charles Eames have drawn parallels between the role of the 
detail in architecture and product design, “The details are not de-
tails e they make the product just like details make the architec-
ture” (Eames, 2015, pp. 224e225). The perhaps more well-known 
or mainstream version of the saying (at least since the 1960s) e 
“the devil is in the details” e though not specific to the architec-
tural context, points to a darker vision of the detail’s potentialities. 
This paper approaches these seemingly diametrically opposed un-
derstandings of the architectural detail in empirical terms, exploring 
the tension of the “make or break” qualities of the role of the detail(s) 
in the doing of design. Our discussion builds on the definition of the 
detail as both a structural and symbolic connection. According to the 
first sense of the word, the architectural detail is the juncture where 
disparate materials come together (“detailing” describes the process 
of ensuring that this joining performs its intended function) (Bau-
doin, 2016; Ford, 2011; Frampton, 1995). In the latter sense, the detail 
is the minimal unit of architectural meaning, where signification is 
joined to built structure (Frascari, 1984, p. 23). Whereas much archi-
tectural writing on the material and symbolic aspects of the “detail” 
considers its role in the built work of individual architects (Baudoin, 
2016; Burry, 2014; Ford, 2011; Frascari, 1984), we argue that these 
disciplinary understandings tend to overlook the social construction 
of details (in both the material and symbolic sense) in situated prac-
tices unfolding in real time. We explore this issue on site, so to speak, 
through an ethnomethodologically informed ethnography of architec-
ture education. We are particularly attentive to the relationship be-
tween discursive practice and other forms of action (such as work-
ing with tools and materials) (Holstein & Gubrium, 2007; Nicholas & 
Oak, 2018; Oak, 2011, 2012), chap. 19; Murphy, 2012; Suchman, 2006). 
To enable this analytical approach, we audio and video recorded the 
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everyday experiences of architecture students, their professors (who 
were also professional architects), and other participants as they went 
about the work of designing, making, teaching, and learning. Our dis-
cussion focuses on “design-build” education (also known as “Live Proj-
ects” in the UK (Anderson, 2014)). The key feature of designbuild is 
that it enlists students in realizing structures at full scale. While the 
projects are usually relatively modest in size and in terms of their in-
frastructural complexity (e.g. plumbing, electricity, heating, ventila-
tion, and air conditioning), they nevertheless require that students en-
gage with “real” clients, engineers, subcontractors, budgets, and the 
material and social construction of real architectural details. 
The popularity of design-build courses within traditional archi-
tecture curricula is on the rise, in North America and beyond (Kraus, 
2017). Design-build offers an experience that differs significantly from 
most architecture education, wherein the majority of projects are, in-
evitably, hypothetical. In traditional studio-based courses, students 
draw and make models of structures that will never be built, due to 
the complexity, expense, or time involved. The hypothetical aspect of 
standard architectural education, and its emphasis on imaginative ex-
perimentation, challenges students to invent what might be possible, 
rather than to actually make it. In design-build coursework, students 
create the design artifacts typical of any studio course: hand sketches, 
physical scale models, digital models, technical drawings, occupation 
drawings, etc. But they also follow the full arc of project delivery in-
cluding navigating client relations, working with engineers, develop-
ing construction documents and detail drawings, securing building 
permits, tackling project management and budgeting (even fundrais-
ing), and finally assembling the full-scale structure on a “real” con-
struction site. 
The inherently transversal approach of design-build pedagogy af-
fords it a unique position vis-a-vis the discipline of architecture, insti-
tutions of higher learning, and broader publics. Design-build projects 
bridge the design studio, physically sited in the specialized setting of 
an educational institution (Farias & Wilkie, 2016), and locations ac-
cessible to the general public. This academic public dialogue is the 
intention of design-build course projects and factors into learning 
objectives (Hardin, Eribes & Poster, 2005; Harriss & Widder, 2014; 
Kraus, 2017; Rockhill & Kraus, 2017; Verderber, 2019). Notably, this 
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“in between” position of design-build carries technical and ethical im-
plications for the field and its practitioners. As discussed later in this 
paper, design builders embrace a full-bodied and often messy engage-
ment with materials, craft and technical know-how, and the social or 
relational elements of designing with and for others. In large part, 
then, the ethos or culture of design-build education recognizes the in-
terdependent and contingent nature of architecture in the world (In-
gold, 2013; Till, 2009; Yaneva, 2009, 2012). The heuristic of the “de-
tail” is therefore a good fit. 
The empirical material for this paper is drawn from a five-year 
long, Canadian-funded research-creation project involving four North 
American design-build architecture education programs. Each pro-
gram was charged with designing and building a grid shell structure. 
Projects included a cover for a farmer’s market, a pavilion for an art 
park, a shade structure on a university campus, and a multi-purpose 
interpretive and activity center in a Canadian national park. A grid-
shell is defined structurally as possessing “the shape and strength of 
a double-curvature shell, but made of a grid instead of a solid sur-
face” (Douthe, Baverel, & Caron, 2006, p. 1). The basic form has been 
likened to a soap bubble, and in the contexts of architecture educa-
tion, it is often categorized as a curved shelter or pavilion made of ei-
ther a timber or metal lattice that forms the roof, or the roof and a 
substantial portion of the walls. On the one hand, the gridshell is as-
sociated with iconic structures in the history of architecture, exem-
plified in buildings such as Frei Otto’s Mannheim Multihalle (1974) 
(Liddell, 2015). On the other, within what theorists Oxman & Ox-
man (2010) have termed the “new structuralism” paradigm in archi-
tecture, the gridshell poses unique contemporary challenges for ar-
chitects, engineers, and the craftspeople who build them (Chilton & 
Tang, 2016). Indeed, architectural educators (Cavanagh, 2013; Chilton 
& Tang, 2016; Malek, 2012; Tang, 2013; Verderber, Cavanagh, & Oak, 
2019) have cast the gridshell as a particularly intriguing research ob-
ject for the exploration of how emerging technologies and practices 
associated with “digitally mediated architecture” (Oxman, 2007, p. 
100) might be paired with recent timber fabrication technologies and 
experimental pedagogies such as design-build. The innovative nature 
of the gridshell is central to our discussion, since there are no stan-
dardized design guidelines or settled precedents that architects can 
follow in either designing or building these structures. 
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As field sites, the design-build architecture education programs we 
followed drew our attention to the phenomenon of the detail, both as 
the material practice of joining disparate elements, and as the locus 
for complex social and professional relations. In short, practices of de-
tailing reveal the integral roles of both social and material tectonics 
in the “art of joinings” (Frampton, 1995). Just as relevant for our dis-
cussion, design-build highlights the productive pedagogical and ana-
lytical potential of details that resist easy or stable joinings e produc-
ing friction and what Chad Kraus (2017) has called, “salutary failure” 
(p. 105) (See also Gjertson & Trumble, 2014). It does so in two ways. 
First, design-build learning and related paradigms of architectural 
expertise privilege encounters with (and ideally mastery of) diverse 
design media and materialities, encounters which mimic elements of 
the entire arc of design and construction processes. Second, design-
build education entails collaboration among peers and with a broad 
spectrum of outside stakeholders with varying investments in the con-
struction of the built environment. 
In the first instance, therefore, design-build education foregrounds 
the importance of grappling with the implications of material and 
technical joinings (and how to allow for or “tolerate” their differ-
ences) in a hands-on and embodied manner. In the second instance, 
it prompts students, faculty and other stakeholders to negotiate the 
joining of architecture as a profession and a field of knowledge with 
other ways of knowing − in practice. In other words, questions of pro-
fessional ethics, relationships to proximate domains of expertise (such 
as engineering), and authority over or ownership of a built structure 
are performed in situated social interactions. These include settings 
such as design meetings in classrooms and on construction sites, the 
fabrication of prototypes in university design labs and workshops, 
the semi-public presentations and discussions of designs in the jur-
ied review or “crit,” and even the ostensibly solitary activity of dig-
ital modeling or technical drawing in a studio setting. Very little of 
design-build education is neat and orderly, as we see in the following 
three instances where details are managed and enacted as both ma-
terial and social process. We first briefly consider how different ap-
proaches to fabricating the detail of an oval aperture draw attention 
to digital and analog ways of knowing; followed by an in-depth ex-
ploration of the complex integration of body, talk, drawing, tools, and 
materials as students think through and construct the jig for a bench 
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seat prototype; we then conclude with a discussion of how faculty, 
students, and other stakeholders mobilize individual experiences to 
generate a collective understanding of the truss webbing detail for a 
gridshell’s steel edge beam. 
1 Constructing a detail: digital or analog design thinking 
A presentation at a recent conference on design-build architecture 
education sponsored by the American Collegiate Schools of Architec-
ture (ACSA) serves to illustrate this entanglement. The conference 
had been organized and hosted by members of the Canadian research 
team, and was thus a privileged site for understanding how “insiders” 
(in this case design-build educators) viewed their own practices. The 
presentation, “Level and Plumb without Rhino,” by Tiffany Lin (2014), 
focused on the disjunctures faced by her students between modeling 
and executing the digital and analog details for her winning design 
for innovative disaster relief housing, composed entirely of SIP pan-
els (Structural Insulated Panels) (designed with her colleague Judith 
Kinnard). Kinnard and Lin’s design featured multiple oval-shaped cut-
outs or apertures, which required angled tranches of PVC pipe to be 
inserted within the plane of the panels. According to Lin, the design 
and construction of the apertures generated friction between students’ 
differently habituated “designerly ways of knowing” (Cross, 1982) − 
especially between habits of “digital design thinking” (Oxman, 2007) 
and craft or material skill (Ingold, 2000; Marchand, 2016; Scott, 1998; 
Sennett, 2008). In this particular example, the conflict arose between 
fabricating a 3-D model of the apertures in the software program 
Rhino, and fabrication within the 3-D and gravity-governed materi-
ality of paper, earth, tools, and PVC pipe. 
Lin presented the CAD-rendered detail drawing of the apertures, 
marked up with dimensional measurements and material specifica-
tions. She then described how her students initially approached the 
problem of their fabrication. In accordance with their training, they 
began to make sense of the problem in Rhino (Figure 1): step 1, create 
a 3-D model of the pipe in Rhino and intersect it with planes; step 2, 
run the “Boolean Split” command, which produces a cut oval surface; 
step 3, because the Rhino model surface is a “ruled surface,” the “un-
roll surface” operation generates a template on a flat plane; which, 
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step 4, can then be plotted, printed at full scale on paper, and wrapped 
around the actual PVC pipe to mark where the cut should be made. 
Lin ultimately dismissed the students’ approach as overwrought, then 
contrasted it with the advice offered by a local craftsman involved in 
the project. The craftsman suggested that making a level cut across 
the pipe was simple: since water finds its own level, put the pipe in a 
bathtub filled with water, mark the waterline, and cut. The architec-
ture students ultimately modified the craftsman’s method to produce 
a jig that ensured the consistent marking of the pipes, but the princi-
ple they used was based on the craftsman’s advice. 
For Lin, as for other attendees of the design-build conference, stu-
dents habituated to approaching problems of design and fabrication 
with the logic of “digital design thinking” (in this case thinking with 
Rhino) presents pedagogical dilemmas for educators and implications 
for professional ethics (Lin, 2015). Part of the objective of design-build 
education is to prompt future practitioners to consider how details 
such as PVC apertures raise problems of scale and mediation. In other 
words, design-build architecture education promotes training in the 
Figure 1 Re-tracing students’ Rhino logic, step 3. Source: Authors’ image, after Lin, 
2014, slide presentation 
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social and material implications of translating from a Rhino model, and 
the computational logic which governs the software’s version of space, 
to full-scale materials, with their own weight, thickness, and other 
specific qualities, as these relate to instruments like a jigsaw, straight 
edge, level, and the human body. Lin’s dismay at the students’ reliance 
on “thinking with Rhino” echoes the sentiments of practicing architects 
in the Emirati-based design team described by Cardoso Llach (2015), 
and the senior engineers Loukissas (2012) spoke with at Ove Arup: a 
concern for a kind of intergenerational de-skilling, where younger de-
signers, “ignore what’s behind the software, the building physics” (p. 
32). However, as Lin’s case study suggests, the problem is not simply 
one of digital design skill and craft know-how (or lack thereof). 
There are also ethical ramifications resulting from the differences 
between the “worlds” conjured up in the digital space of Rhino ver-
sus the 3-D space governed by the laws of physics. The differences 
are more than spatial: they extend to diverging logics and sequences 
of proper or efficient action to be taken in these worlds. The prac-
tical logics appropriate to each of these environments also emerge 
from and reflect different social and professional contexts inhabited 
by practitioners: architects, structural engineers, computer engineers, 
craftspersons, and others. Design-build education encourages students 
to question who stands to gain, or lose, from the traditional boundar-
ies separating different practitioners, expert knowledges, and ways 
of working − even as these boundaries are shifting under our feet. In-
deed, a central tenet of design-build education is that part of every ar-
chitect’s training should include a basic consideration of how a maker 
or craftsperson makes sense of the world of building details and ma-
teriality (Boling, 2017). 
2 Thinking through details: paper, wood, and power tools 
The art of detailing is at least partly an exercise in imagining how 
disparate materials and components come together. In the episode ex-
plored in this section, we are concerned as much with the social and 
communicative aspects of detailing, as with the design skill required 
to realize a construction detail at full scale. The discussion revolves 
around a design detail within the larger gridshell pavilion project at 
Southeast University in the USA. Towards the end of the semester, 
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design-build studio students were working feverishly to mock-up a 
series of full-scale prototypes of various project details in time for the 
final design review. One of these prototypes was a section of bench 
seating (Figure 2). Two days prior to the review, a small group of stu-
dents began the process of assembling a section of the bench, led by 
two students we call Jesse and Sarah. In what follows, we highlight 
how this particular detail e the materials it joined, and the collabor-
ative efforts to make sense of its design and assembly e posed a chal-
lenge for the students. This was evidenced in the form of friction or 
what could be called chains of “disturbances” (Groleau, Demers, Lal-
ancette, & Barros, 2012) and their resolutions: errors, confusion over 
how to proceed, miscommunication, long silences, laughter, awkward 
manipulations of materials and the hesitant use of power tools. 
Jesse and Sarah began development of the bench prototype in the 
school’s workshop, with a discussion of an 11 × 17-inch paper print-
out of a series of CAD detail drawings of the bench seating, drafted 
Figure 2 Finished prototype, gabion bench. Source: Authors’ image 
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by Jesse. They opted to mock-up a 4-foot bench section first, drawn 
as a curved, slatted bench whose width was composed of 18 wooden 
lathes separated by spacers. The students’ initial conversation concen-
trated on parsing Jesse’s drawing, in order to imagine the materials, 
operations, and temporality involved in making the bench in “real-
ity” and at full scale. In the following excerpt from their conversa-
tion, Jesse and Sarah work to establish a verbal consensus on where 
and how to begin, as well as on what exactly the line drawings repre-
sented in material terms: 
Exerpt 1. Excerpt of interaction during design-build collaboration 
Sarah: So, why don’t we, why don’t we start by marking 
out the centers ((points with index finger to detail draw-
ing of 4-foot bench on Jesse’s rendering, displayed on ta-
ble between them)). 
Jesse: Yeah, we don’t have to worry about - the gap until 
it’s all getting glued ((pointing with his pencil to another 
drawing they were discussing a moment before)). 
Sarah: Right, Right. 
Jesse: So, by that time we’ll be done with these. 
Sarah: Okay. 
Jesse: So, you wanna go ahead and work on these guys? 
((i.e. the lathes for the 4-foot bench)) ((Pointing with 
pencil to detail drawing of 4-foot bench)) 
Sarah: Yeah, do those e those are going to be part of the 
bench, right? ((pointing to drawing)) 
Jesse: Yeah, it’s just like the first one, and then, really, 
like all the pieces are like this extra thick width ((pencil 
points to the place where Sarah’s finger touches the draw-
ing, tracing the outer arc of the bench line on the draw-
ing as he speaks)). So, like the longest one on this one is 
um ((puts down pencil to reach both hands into pockets, 
apparently looking for something removes empty hands 
from pockets and picks pencil up again)) I forgot, but I 
think the longest one is four foot, with the curve is like 
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four foot six, so we can cut all of them five, so they’re all 
going to be trimmed. 
Sarah: ((Nods vigorously)) 
Jesse: So, we just need to make this one like 6 inches lon-
ger than everything else, so this one will be six ((pen-
cil pointing to innermost lath on bench drawing, writing 
note on drawing as he speaks)). 
Sarah: Okay. (1.0 pause) So, you cut those first, cut them 
and plane them, and then, start marking everything? So 
we have everything together. 
Jesse: Yeah. Cause everything goes faster when it’s 
systematic. 
In the above instance of conversation, we see the students work-
ing together to join meaning(s) (Frascari, 1984) to Jesse’s draft of the 
bench detail. They were quickly confronted with the inherent vague-
ness of the line drawing: that is, it captured elements of the “what” 
of the bench (its basic dimensions and shape), but not the “how” of 
bringing it into being. At least three issues are addressed in their con-
versation: first, mutual confirmation of what the dimensional bench 
outline denotes in terms of wooden lath dimensions and configuration; 
second, consensus-building regarding what assembly step should hap-
pen first (ensuring some degree of joint-ownership of the fabrication 
process); and third, tacking back and forth in time to relate the fin-
ished prototype to the various stages of its assembly. The critical task 
implied, but not fully developed in the drawing, was the creation of a 
jig to hold the curved slats in place during bench fabrication. Jesse’s 
drawing did not define how the jig should itself be made. 
Later in the afternoon, when Jesse and Sarah took the initial steps 
to fabricate the jig and then put it into operation, they had to impro-
vise: the drawing was of little assistance. Since they had decided to 
dry fit the bench slats in place (rather than gluing), they first had to 
work out how to hold the curved wood lathes in place, on the jig base 
(Figure 3). This improvisation included the testing of different clamp-
ing strategies: how many clamps to use, where to place them, in what 
sequence to accommodate each new lath, etc. The clamping “solu-
tion” they eventually decided upon produced unanticipated secondary 
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material and force effects e new design challenges or friction − which 
then had to be accounted for. In one instance, the wooden lathes on 
the outside curve of the bench began to lift off the surface of the jig 
in response to the pressure of the clamping. Jesse and Sarah decided 
to manage the problem by literally screwing the lathes down to the 
wooden jig. But that solution resulted in a later dilemma − how to re-
move the finished bench prototype from the jig itself. With hours to 
go before the design review, Jesse struggled with an angle grinder and 
pliers to remove these screws in order to lift the bench off the jig. One 
screw in particular was reluctant to let go. 
2.1 Tolerating imprecision: frictions of assembly 
The problems Jesse and Sarah encountered here relate to the inher-
ent frictions of the detail as a joint e especially in relation to its as-
sembly through the gathering of disparate materials, but also in the 
sense of a site where meaning is contested and constructed. In this 
case, the students were confronted with differences in the temporal-
ity of different design media e between a 2D CAD line drawing on pa-
per and the materials for the jig and bench prototype (including Jesse 
and Sarah’s own bodies as instruments). Given that these media each 
afford or invite a different order of actions, Jesse and Sarah grappled 
with how to interpret and orient themselves in relation to these de-
sign artifacts: that is, how to “bridge” or “tolerate” those differences. 
Figure 3 Students crafting bench prototype. Source: Authors’ image 
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The CAD drawing is itself a kind of finished object: it stands at the 
end of a sequence of mathematical and geometric operations per-
formed by Jesse on the computer. That “ending” was intended to guide 
a subsequent series of actions to make the jig and bench. This emer-
gent and iterative quality of designing and making is widely recog-
nized as one of the central qualities of “designerly ways of knowing” 
(Cross, 1982) and skilled practice more generally. In this case, the 
endpoint of an earlier iteration did not provide much guidance for the 
next. The value of sequentially segmented assembly diagrams (like 
IKEA drawings) is obvious to anyone who has tried to put together dis-
parate parts to make a toy or a piece of furniture. But the CAD detail 
drawing presumed the involvement of an expert maker (or makers), 
which Jesse and Sarah were not. The students repeatedly tried to fill in 
those missing assembly steps over the course of several hours, during 
which the solution to one momentary problem created the next prob-
lem to be solved (and so on). Jesse and Sarah began with an assump-
tion that a line drawing − the result of a relatively friction-less pro-
cess of playing with “shape grammars” in CAD (Knight, 1999; Stiny, 
2006) − would more or less define and facilitate the process of ar-
ranging and fixing eighteen wooden lathes in a curved bench shape. 
They had not bargained for the magnitude of the difference in practice. 
The architectural detail is also the site where material tolerances 
and human capacity for precision are managed. The issue of precision, 
and Sarah and Jesse’s mastery, or lack thereof, of power tools, com-
pounded the challenges of working with and across different design 
media and their temporality. Though the students carefully marked 
and drilled through each of the eighteen layers of the bench slats as 
they went along, at the end of the process some of the holes were mis-
aligned. To compensate for the drift of the holes, Jesse had to re-drill 
through all eighteen bench slats and the spacers, inserting a threaded 
rod to hold everything in alignment. The (mis)placement of the holes 
was partly a product of, as their instructor had put it earlier in the se-
mester, “the way in which you interact with a tool, and you interact 
with a material, and the material interacts with the tool.” 
Friction of assembly then also relates to the fact that materials push 
back, and it takes a certain degree of experience − embodied knowl-
edge e to be able to use a power drill as though it is an extension or 
prosthesis of the hand and arm. One must develop a sense for how 
hard to push, how to position the body and the hands for maximum 
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stability, how to keep the drill level, when the sound of the drill is “not 
happy,” etc. The making of the jig and the bench, then, is also a scene 
of “attunement” (Ingold, 2000), wherein the craftsman’s “material 
consciousness” (Scott, 1998; Sennett, 2008) forms within a dynamic 
system of body, tools, and materials. Mastery entails a felt or embod-
ied sense of the materials at hand, their possibilities, limits, and “be-
haviors.” This attunement also encompasses a feel for the abilities and 
limitations of one’s own body. By the end of their design-build stu-
dio course, ideally Jesse and Sarah would experience a seamless em-
bodied inter-subjectivity (person plus tool plus materials), what Ihde 
(1990) has elsewhere referred to as an “embodiment relation” be-
tween human and technology. But at this early stage, the students en-
countered tools, materials, and even their own bodies as antagonistic 
“others,” presenting an extreme form of Ihde’s (1990) characteriza-
tion of the “alterity relation.” To return to the ethical commitments 
of design-build education, the objective is not to transform every stu-
dent into a master craftsman. But catching even a glimpse of how de-
tails come together (or don’t) prompts future architects to exercise a 
degree of humility, as they consider the material and social implica-
tions of their designs. 
3 Binding together: pedagogy and puzzling details 
The final episode is drawn from fieldwork among architecture stu-
dents and faculty involved in the largest of the design-build gridshell 
projects: a pavilion constructed in a Canadian National Park. On this 
final project, participants from each of the North American architec-
ture programs collaborated to design and build the structure. The 
large gridshell, in part because of its size and relative complexity (as 
compared with the smaller, local gridshells at each institution), also 
required intensive contributions of members of the structural engi-
neering firm and an external design engineering consultant with grid-
shell experience. Geographically, members of this collaborative team 
spanned two continents, three countries, four times zones, at least 
four cohorts of students, and over three years of design development 
and construction. Here again, we are especially concerned with the 
“salutary” effects of friction (Kraus, 2017) as a detail is puzzled out: 
to what extent do errors, miscommunication, or confusion contribute 
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(positively) to the collaborative learning process at the heart of de-
sign-build education? 
To sketch the context for the following analysis, at this point in the 
project, the concrete foundation and walls of the structure had been 
poured, according to the specs of engineering-approved construction 
drawings, generated in part from a 3-D Rhino model. The situation we 
discuss below is centered around the design and fabrication of a trian-
gular steel truss. The truss constituted the gridshell’s boundary condi-
tion: the edge-beam detail joining the lattice roof to the concrete sup-
port walls. The truss is a particularly apt detail to consider in relation 
to teamwork and collaboration, given its structural function. For en-
gineers, the truss is an assembly of individual members (in this case 
steel) whose arrangement and connections produce a rigid entity that 
behaves as a unified object (Plesha, Gray, & Costanzo, 2013). At stake 
in the following scene is how to interpret and then realize the design 
of the edge-beam’s truss webbing. 
At the start of a day on the construction site in 2016, one of the ar-
chitecture instructors gathered with a team of approximately six stu-
dents around a CAD generated, printed detail drawing of the web-
bing pattern. The drawing had been developed by the project team’s 
structural engineer. The professor and the project manager (a Mas-
ter’s student) first worked to identify which section of the truss the 
drawing represented (Figure 4). With the other students looking on, 
Figure 4 Professor and Project Manager parse the engineer’s drawing. Source: Au-
thors’ image 
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the project manager and the professor pointed at various locations 
on the drawing as they spoke about how the drawing related to the 
“real” built structure-in-progress. Speech connected finger and ges-
ture to both the drawing and the structure, which they occasionally 
looked towards for reference (it was around 50−60 m away from 
where they were meeting). Collectively, they were having trouble un-
derstanding the relationship between the two-dimensional computer 
drawing and the actual, partially-completed truss edge beam. At this 
point, the instructor pulled out a pencil and started to sketch a more 
realistic, perspective rendering of the engineer’s plan-view drawing. 
As he sketched, he labeled areas of his drawing in correspondence 
with those of the CAD drawing. Students and instructor then focused 
their discussion on comparing the two drawings. Considerable confu-
sion ensued concerning the relationship between the computer-gen-
erated construction drawing, the pencil-drawn sketch, and the “real” 
partially-built metal truss. 
Hoping that proximity to the edge beam might help clarify its re-
lationship to the drawings, the group eventually re-located to a spot 
directly next to the structure. The printed drawing was placed on the 
concrete wall, while the project manager brought over her laptop, 
which contained an image of the Rhino model of the entire gridshell 
(Figure 5). The model had been created collaboratively by faculty, 
students, the structural engineer, and the design-engineering con-
sultant. Several students puzzled through the problem with enthusi-
asm − thoughtfully expressing their ideas concerning the principles 
of triangular truss webbing systems. Largely drawing on memories of 
Figure 5 Students and Professor engage in sense-making on/near the gridshell. 
Source: Authors’ image 
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“structures” coursework, the majority of the students concluded that 
the engineer’s drawing couldn’t possibly be right. The instructor, still 
seeking to understand the incongruities between drawings and built 
structure, pulled out a length of orange string and tied it around one 
chord of the steel truss, interweaving it in the webbing configuration 
he believed to be correct (as he wrapped, he remarked, “Nothing like, 
you know, visualizing”). 
One student became involved in a highly-focused discussion with 
the instructor, gripping the metal frame and gesturing with the other 
hand while he explained what he thought the problem might be. In his 
view, the engineer’s drawing did not take into account a recent change 
to the truss structure, from a three-faced webbing design to the substi-
tution of a steel plate in place of one side of the triangular truss. The 
professor considered this opinion carefully by checking the student’s 
words: “alright, so you’re saying it’s plausible if you didn’t have the 
plate and since you have the plate it’s okay?” to which the student re-
plied “right, the plate resolves.” While considering this proposal, the 
professor climbed on the structure, took a series of iPhone photos of 
the string (as a possible webbing pattern), and emailed these to the 
engineer. The response from the engineer arrived a few hours later: 
he had determined that the original webbing pattern (on his construc-
tion detail drawing) was derived from the standard design of a trian-
gular truss. It dated from a time when the gridshell’s proposed truss 
respected that standard. As the student had suspected, in subsequent 
design phases, the architectural members of the design team had de-
cided to substitute a metal plate for one side of the truss. But the en-
gineer’s model hadn’t been updated to reflect this. In the end, the en-
gineer noted that to alter the webbing pattern for what the architects 
thought would be a more satisfying “aesthetic” reason would require 
another week or more to re-model and re-test the structure. From 
their position onsite, the group decided to follow the original webbing 
design, which they would use in addition to the steel plate. 
3.1 Joint ownership of the detail 
From beginning to end, the time it took to identify and then resolve 
the lack of correspondence between the computer-generated detail 
drawing and the “in the flesh” structure lasted several hours. The in-
teraction and engagement with the webbing detail, as materialized 
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across various design media, followed a somewhat circuitous path, 
but it illustrates the myriad tactics architects employ to reason and 
make sense of the best way forward, given the “plans” charted in the 
past by others (i.e. the engineers, or even previous versions of them-
selves). To return to the specificity of the gridshell and its innovative 
qualities, this episode demonstrates the nature of collaborative sense-
making in the face of multiple unknowns. The gridshell is not a com-
mon structural typology that participants would be familiar with from 
previous experience, or that can be extrapolated from existing prec-
edents in a straightforward manner. Making sense of a truss detail, 
which has standard configurations in “normal” structures, required 
particularly intensive actions of a collective “puzzling through.” 
This nonlinear approach to achieving interpretive consensus around 
the enigmatic truss detail (in all its versions) is also central to the ped-
agogical logic of design-build education in general. Circumstances of 
uncertainty and disjuncture are not just questions of architectural in-
tent or vision. In design-build, these are simultaneously material and 
social questions. This is evident in the mutual engagement of faculty, 
students, and engineer in the processual reconciling of multiple opin-
ions, opinions informed by varying levels of skill and of experience 
and history with this particular project. In hindsight, the group could 
have proceeded with the engineer’s webbing design and saved con-
siderable time. But we argue against understanding this episode as a 
waste of time. Part of what was pieced together in the interactions re-
counted here was a more comprehensive understanding of how and 
why decisions were taken in the first place. In a sense, the instructor 
and students pooled their highly specific individual knowledge and ex-
perience with the project as a whole, and the truss detail in particular, 
to reverse engineer the design decision-making process. This enabled 
them to achieve consensus about how to move forward − further ce-
menting (forgive the pun) the social bonds among the group members 
− not an inconsequential thing for a project of this nature. 
Indeed, intra-group cohesion was fostered partly through the overt 
performance of misunderstanding and incomprehension by the ten-
ured professor (and expert on structural forms), as he conversed with 
a Master’s student (the project manager) and several undergraduate 
students. Because the professor conveyed his genuine inability to make 
sense of how the CAD drawing related to the built structure, the stu-
dents were authorized to fully engage in solving the problem alongside 
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him. All participants grappled with the matters at hand; they came to 
collectively “own” the puzzle of the webbing detail. And this, despite 
only arriving at a partial understanding of what was likely going on 
(their understanding was eventually confirmed later by the engineer: 
i.e. that the drawing they had been referencing had not taken account 
of a panel that replaced one face of the triangular truss). Students 
also witnessed a model of/for a “design-build” approach to problems. 
When confronted with confusion, the professor persisted in bring-
ing all faculties to bear upon his goal to understand e in the form of 
hand drawing, gesturing, engaging with the “real” structure, measur-
ing, wrapping string, and seeking and listening to the contributions 
of others. While the professor ultimately relied on confirmation from 
the engineer, who he clearly trusted (at one point as he spoke with the 
students he described the engineer as “totally solid”), he first enlisted 
student involvement in puzzling through the discrepancies between 
drawing and built structure. What emerged was a kind of humility of 
discovery, joining human participants, hand and computer-generated 
drawings, and the irrefutable solidity of the as-built (though incom-
plete) welded-steel truss. 
4 Tying up loose ends 
Together, the three instances addressed in this paper highlight the 
sociomaterial qualities of the detail and its role in the architectural 
endeavor. First, we considered the ethical positioning of design-build 
vis-_a-vis professionalization and hand/digital craft, where efforts to 
bridge the design-construction divide come to the fore in the realiza-
tion of the detail. Second, we examined the socio-material and em-
bodied dimension of detail design and fabrication, where students 
are obliged to work across and with various design media and ma-
terials (including the design and use of jigs). An ethnomethodologi-
cally-informed ethnography of architecture practice illuminates the 
nuanced relationships that novice (and expert) architects develop with 
tools, materials, design media, and their own bodies. Third, we em-
phasized the intersubjective and communicative aspects of design-
ing and building with others. The example of the truss webbing de-
tail highlighted how the disjunctures between design media, and the 
misunderstandings and uncertainty they generated, facilitated both 
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student engagement and learning. The “not knowing” that features 
in the designing and building of innovative structures like gridshells 
means that practitioners − including senior professors - may openly 
display their discomfort through “live performances” of uncertainty 
and bewilderment. These may occur as frequently as the more com-
forting display of resolution and understanding. We argue that if, at 
first glance, these instances of friction are undesirable, they are in 
fact central to the pedagogical model of design-build education. Given 
the nature of design-build education, where students and instructors 
collaborate at all levels of a project (and often include external stake-
holders such as engineers and clients), it is in the professor’s perfor-
mance of managing confusion that some of the most profound lessons 
of architecture may be learned. 
Taken as a whole, these vignettes affirm the “salutary” effects of 
details that at least initially fail to cohere. In other words, we propose 
that disjunctures, uncertainty, and confusion should not be treated 
as problems with the pedagogy (and therefore to be eliminated), but 
rather as integral to the logic of designbuild education. Of course, 
embracing such diversity involves messiness and risk. As revealed in 
our discussion, this occurs both at the level of confusion concerning 
materials, tools, bodies, and design media, but also at the level of so-
cial interaction and role performance. In these circumstances, we see 
how understanding is created over time, alongside and through ma-
terials (PVC pipe, wooden slats, steel webbing), tools (jigs, clamps, 
drills, string, embodied gestures (pointing, grasping, grimacing, mea-
suring, reading), and discursive action (conversation, laughter, curs-
ing). This points to the profoundly social dimensions of designing and 
building with multiple others. 
Returning to the ambivalent status of the detail, in this paper we 
have explored the productive qualities of “the devil in the details,” or 
joinings which resist, not in pursuit of an environment built according 
to principles of “zero tolerance” (a goal of dubious merits (Kolarevic, 
2014)) or the training of autonomous architects with total control over 
detailing, tolerances, and therefore construction (Baudoin, 2016). The 
contingent nature of the social and material interactions within which 
the doing of architecture is embedded precludes such an outcome. In-
stead, jumping off from Jeremy Till’s (2009) formulation of architec-
ture as a discipline defined by its dependency on the contingencies of 
external forces, we suggest that tolerance of the material and social 
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frictions of architecture might be viewed as an opportunity and not 
a threat for its practice (p. 151). While this paper has focused exclu-
sively on architectural education contexts, where risk and failure are 
integral to the learning process, the lessons of the detail have impli-
cations for professional practice as well. Most significantly, “mas-
tery” of the interdependency and messiness of designing and build-
ing with others might look like moments of humility, of confusion, or 
of sharing or delegating power, and so instances of professional prac-
tice may greatly benefit by setting up channels through which dissent, 
debate, and multiple opinions are heard and taken into account. smart 
phones), representations (drawings on paper and on a laptop screen), 
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